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1 2 

CKS METHOD OF HCV PROTEIN SYNTHESIS ^ ^J^J^^Bom protein. The level of 

SYNTHESIS expression of CKS fusion proteins in cells transformed 

BACKGROUND OF THE INVENTTOM ^ *"* vehicles is quite high, in some in- 

_ . r . , uurini:1,N vfcNTION stances up to 50 percent of total cellular protein, 

misapplication is a continuation-in-part of US Pat 5 
application Ser. No. 07/573,103, filed Aug. 24 1990 BRIEF DESCRIPTION OF THE DRAWINGS 

^iST*' v hiC i?™^? , l?! ti0n of US * i>atcnt FIG- 1 is a graphic representation of a plasmid clon- 
^Zrt if* f 5 ; 124 f 5 ' WhlC c "^tinuation-in- FIG. 2 is a graphic represenution of a plasmid 

This invention relates to meXfor producing pre- do™* ^ ^ 
teins in microbial hosts, particularly hepatitis cm vina iSS? pWMM * 

(HCV) fusion prS. P THe mv«doTa^ D °w T^^ 1 * 

cloning vehicles for transformation of microbial ho^° " * vcmcles of P***' 

It is well established that prokaryotic or eukaryotic ? . 0 . . _ „ . 

proteins can be expressed in microbial hosts where such • Coomassie brilliant blue-stamed gel of 

proteins are not normally present in such hosts (i e. are vanous ™^nts of whole cell lysate from pTB201-con- 
"heterologous" to the cells). Generally, such protein ^ Um ? g ^V 1103 cd,s - A TOITes P° ndi ng gel scan/integra- 
expression is accomplished by inserting the DNA se- 20 Uon 18 ^ snown - 

quence which codes for the protein of interest down- FIG * 6 shows immunoblots of CKS-producing and 
stream from a control region (e.g. a lac operon) in plas- nonproducing cells used to optimize the titration of goat 
mid DNA, which plasmid is inserted into the cell to j^-CKS serum for identifying CKS fusion proteins. M 
"transform" the cell so it can produce (or "express") the * P rotein molecular weight markers; A, negative con- 
protein of interest. 25 trol JM103 whole cell lysate; B, positive control 

Despite this conceptually straightforward procedure, PTB201/JM103 whole cell lysate. 
there are a number of obstacles in getting a cell to syn- FIG * 7 is a graphic representation of a plasmid, 
thesize a heterologous protein and subsequently, to pTB210, used to express HIV p41 fusion proteins, 
detect and recover the protein. The heterologous gene FIG- 8 shows a representation of the various syn- 
may not be efficiently transcribed into messenger RNA 30 thetic p41 genes relative to the native gene. A hydro- 
(mRNA). The mRNA may be unstable and degrade phobicity plot of the protein is also indicated. Levels of 
prior to translation into the protein. The ribosome bind- expression of each clone are included 
' » te O* 8 ?) Present on the mRNA may only poorly FIG. 9 (parts 1, 2 and 3) is a sequence of the synthetic 
initiate translation. The heterologous protein produced p41 full-length gene with the carboxy terminus of pl20 
may be unstable in the cell or it may be toxic to the cell. 35 The broken line over the sequence indicates the se- 
^no antibodies to the protein are available or if there is quence of pTB310B. The sequence of pTB310A is the 

™ SSSSL^ *° T^ 1 * ^ U T ay * difficuIt sarae 85 P™10B «cept fe the deletion of an A (nt 
nrnl^I ^»to«ed protein^ Lastly, even if the 813) indicated by A. Ptesmid pTB321 includes insert 1 

JaTor^r^ J 40 P " -tains Insert 2 i 610-720) w'hich 

the hybrid gene, typically found onlhT 5' JK the ™w*^ y ^ Ph °u C *%??T* L 
gene, provides the regulatory regions for tiSLJE J2I' 10 *^ tc ? ** ^J?*"* «** 
and translation as well as providing the genetic code for SSinT^P I°r p * i°' b ^ 
a peptide which facilitates detection (Shuman. et «L. 7. 45 ! ,Iue ' stai " cd # "P'* Urcd on the 

BioLChem.253,m (1980)) and/or purification (Moks, un,n # unobIot °f ™ SDS-PAGE using human AIDS 
et al. ( Bio/Technology 5, 379 (1987)). Frequently, poten- P^p^e serum is shown on the left Refer to text, Exam- 
tial proteolytic cleavage sites are engineered into the p, i;*' „ u . 

fusion protein to allow for the removal of the homolo- U » a graphic representation of a plasmid 

gous peptide portion (de Geus, et al. ( Nucleic Acids Res. 50 pTB26 ° uscd 88 a clonm S vehicle of the present inven- 
15, 3743 (1987); Nambiar, et al., Eur. J. Biochem. 163, 61- 

(1987); Imai, et. al., / Biochem. 100, 425 (1986)). FIG - 12 " a graphic representation of a plasmid 

When selecting a carrier gene for a fusion system, in 1>TB270 used as a cloning vehicle of the present inven- 
addition to detectability and ease of purification, it tion * 

would be extremely advantageous to start with a highly 55 13 is a Coomassie brilliant blue-stained SDS- 

expressed gene. Expression is the result of not only PAGE gel. Approximately equal numbers of cells of 
efficient transcription and translation but also protein each clone type were lysed and loaded on the gel. The 
stability and benignity (the protein must not harm or ^ marked "XL-1" is the cell lysate from the XL-I 
inhibit the cell host). Blue strain with no plasmid. "Unfused CKS" is lysate 

SUMMARY OF THF TNVPTJTTnv 60 fr0m XL " ! Bluc ^ wntainin g «*>e pTB201 CKS- 

oUMMARY Or THE INVENTION expressing vector. ~CKS/Active SPL (Val)" is lysate 

This invention is a process for making proteins, par- from an XL-1 cell line which contains the active region 

ticularly HCV proteins, where a fusion protein of an £ of the pVal lung surfactant gene in fusion with the kdsB 

coli enzyme, CKS (CTP.-CMP-3-deoxy-D-manno- gene on the pTB201 plasmid. 

octulosonate cytidylyi, transferase or CMP-KDO syn- 65 FIG. 14 presents the DNA and amino acid sequences 

thetase), and a heterologous protein, such as heterolo- of the synthetic HIV-2 TMP fragment including Hind 

gous HCV protein, is expressed in cells transformed III/B g 1 II linker sequences located 5' and a Sal I linker 

with a cloning vehicle which has a DNA insert coding sequence located 3' to the HIV-2 TMP fragment 
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tio" G f ^im PTCiCaUiti0n ° fthe * **• *• I » consensus spacer region 
FIG. 16 is a Coomassie brilliant m— ~ • i r lch 15 fo,lowed b y ATG translation initiation 

is proton molecular weight markers. 5 3. CKS Structural Gene 

FIG. 17 represents the CKS fusion vector nJ0200 tu . 

HG. 18 (Parts A-J) represents theDNA secmence of i^JV^ *** ^ f" 0 ^ gcnc cncoding 0X8 

PJ0200 and the amino acid sequent o( v RCV*3A J? "5 gCTe) 15 pUbhshed 1,1 GoIdman ct • J ' Bhl 

FIG. 19 represents the HCV CKS<ore rff 261:15831» 1986. The amino acid sequence for 

FIG. 20 represents the expression of pHCV.34 D rote- 10 .u dcnvtd *™ m *** DNA sequence is described in 
ins in £ ct?/£ F ,u the same article. 

FIG. 21 represents ligation and cloning of CKS fa- . Thc kdsB ^ ^ obtained from Goldman's plas- 

sion vector pJ0200 with a 781 base pair EcoRl-BamHl ^ . pRGI (/ Baet ^- 163:256) (FIG. 3). The first step 

fragment. m the kdsB gene isolation was a Hpall digestion of 

FIG. 22 represents ligation and cloning of CKS fu- 15 P* 01 - Digestion with Hpall cleaved 51 base pairs from 

sion vector pJ0200 with a 816 base pair EcoRl-BamHl 5 cnd of ^ 8 cne - 

fragment A DNA fragment including the base pairs from the 

FIG. 23 (Parts A and B) represents the construction BamHI t0 the HPall site of FIG. 4 was constructed 

of plasmid pHCV-31. by annealing synthetic oligonucleotides (Example I). 

FIG. 24 (Parts A-N) represents the DNA sequence 20 This DNA se ^ uence included the ribosome binding site 

of pHCV.31 and the amino acid sequence of HCV " wcW 5 * base pairs for the 5' end of the kdsB 

CKS-33-BCD. gene. The BamHI-Hpall fragment was then ligated to 

FIG. 25 is a schematic representation of the pHCV- H P M native kdsB gene containing fragment, as 

34 and CKS-pTB2I0 plasmids of Example 1. described in detail in Example 1. As can be seen, the 

FIG. 26 represents SDS/PAGE gels for the charac- 25 ligation replaced the 51 base pairs lost to kdsB and 

U £Zt!°<!L ° f pHCV * 35 * BCD containing plasmid added the ribosome binding site for the control region. 
pilCV-29. 

FIG. 27 represents SDS/PAGE gels for the charac- 4 " Contraction of CKS Expression Vector 

toritttion of pHCV-33-BCD containing plasmid The pWM145 plasmid containing the modified lac 
ttt^ -To _ 30 Promoter located between the EcoRI and BamHI sites 

teSof XS^SSS?* gdS . f °- r ChmC ' ShOWO m mG ' 4A was Rested with BamHI and Hin- 

SiWJl P HCV " 33 - B CD containing plasmid dm to provide an insertion site for the Bamrfl-Hindlll 

P fragment containing the CKS structural gene (FIG. 3). 

DETAILED DESCRIPTION ^ kdsB containin g fragment was then ligated into the 

1 Gptipt 1 35 pWM145 vector . assembling the control region contain- 

. 1. general ing the mwlified lac promoter and the noosome bmding 

This invention involves the expression of a gene cod- dte in *e process. This produced plasmid pTB201 

ing for a protein of interest, particularly HCV protein, (FIGS. 2 and 3). 

using a DNA cloning vehicle which includes a control « T 

region, a region coding for the bacterial enzyme CKS 40 Insertion of Linker Allowing Cloning of 

(CMP-KDO synthetase), and a region coding for the Heterologous Genes 

protein of interest. The cloning vehicles of this inven- pTB201 is a fusion expression vector for heterologous 

toon are capable of expressing fusion proteins <Lc CKS- genes which have the appropriate reading frame when 

heterologous protein fusions) at high levels. The inven- cloned into the Bglll or the Bglll-Hindlll sites (FIG 

tion is lUustrated in FIG. 1 which shows generically the 45 *)- However, the versatility of pTB20I can be improved 

leatures of a plasmid of this invention. The plasmid of by introducing other restriction endonuclease clonine 

this invention includes a control region (eg. a lac-type «tes. This is shown in FIG. 7 where a linker containing 

promoter with a sequence for a synthetic ribosome multiple restriction sites replaces the Bgin-HindHI 

binding site), followed by a gene encoding CKS, which fragment of pTB201 to produce a new vector pTB210 

is linked to a gene coding for a heterologous protein of 50 The linker also includes a sequence coding for Asp-Pro 

m w^L a • , • wh5ch ^ for cleavage of the CKS protein from the 

While fusion proteins per se are well established in heterologous protein fused to it 

S n th ' f * aCS « a fu * on ^em is novel. In TTie linker of FIG. 7 also includes stop codons in all 
addition to facilitating detection and purification of three reading frames, placed downstream of the restrk- 
S2^- P, T£ ? C CXp ' cssion . vector of » tion sites. Thus, no matter what heterologous structural 
X;"^ ^ WS ? g f nC < CnCOding CKS) which > « enc or Po^ 0 hereof is inserted in the hnker^nZ 

l«l^h,„ P »n P T COmr ° W .? prCSSCS at hi * er tion ^ tcnninatc immediately after the msertedTene 
levels than any other gene in E. colt in our hands. «**=™*j gcnc. 

2 Control Region * Insertion of Heterologous Genes into pTB2I0 

tl.^^, . r ,.. , . t 60 Insertion of heterologous genes into a plasmid of this 

4 KSS? ^rl^ mVCntl ° n W ^? Wn in Ha invention <*" ** ^oomplished with various technique^ 
yiS^p"^ 11 "^ P rom t oter k which * «scn- Eluding the technique? disclosed in U.S. pa^TS 

Trtl £S^Z^f^ Q ^^^^ ™ By Ohgonucleotide-Directed Repair of 
rel7^^Tf ?k" 9 I ^ tl0n - V? COn,rol 65 BrM ^ fi, «JJul.8, 1986,mU.S.patenVapplication&r 
JKf ™J^t * 8y . nlhCdC nl f SOme bindin « ** 131,973 entitled "FoKI Method of Gene Synthe 

(nt 31-39) which is homologous to the 3' end of the 16S sis" filed Dec 1 1 19R7 «nrf in n <; Zt~i„ ^. vn ™- 

rRNA (nWa. ribonucleic «nd, » £ a>U. FoUowing Zr'. If .gSs " JSL'S e^^Mu^'S 
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a£°£Z ie ?! ia ,VE ir T'? °- a S,rand Break " nealedoligonucleotides was ligated together with «p- 

b££Zn£ • ^ "* mCOrp0nlted herci " Proximately 50 ng of the puriLd E^RI^ffl X 

gested vector and one unit T4 ligase in 20 /iL volume 
7. Examples Hgasc butter at 16* C overnight. One-forth of the liga- 

TTie present invention will now be illustrated by the 5 fZ^wT ^1°™ ^^SSL™* 1 ™- 

following Examples. Example 1 describeTTe Sn^ruc- ( O^PfoAB) endA, rpsL, sbcB15[F ( traD36, 

tion of a plasmid pTB201 which SaSSc J? * ^T?™^ & 

promoter and the kdsB gene. In Example 2,^lslon. ****** 1 MoL Bl ° U 53:154 ' 1970) * Plasmid DNA from the 

taining P TB201 are used to express the CKS protein to in ^ ansfonnants was P«Pared from 150 mL cultures as 

establish that the kdsB gene is functional In Example 3 descnbed ^ ^ DNA was sequenced using 

goat anti-CKS sera is raised to detect the fusion proteins mcthodo,0 «y Acd SeL USA 24:5463, 

such as the one produced in Example 4. In Example 4 t 1977 *' 

a fusion protein of CKS and HIVI p41 is disclosed In » ^ . » * 

Example 5. fusion proteins of CKS and vlrKemu „ * and PreparaUon of pTB201 

tations of synthetic HIVI p41 and pl20 are disclosed. In The kdsB gene from £ cot/ K-12, which encodes 

Example 6, a fusion protein of CKS and HSVII gG2 is CTP:CMP-3-dexoy-D-manno octulosonate cytidylyl- 

disclosed. In Example 7, a fusion protein of CKS and transferase (CMP-KDO synthetase), was isolated from 

the "kringle" region of tPA (tissue-plasniinogen-activa- pRGl. The gene is almost entirely contained within a 

tor) prepared. In example 8, two fusion proteins of CKS jg ^P* 11 fragment (FIG- 3). A linker was constructed to 

and SPL (pVAI) arc prepared. In Example 9, a fusion facilitate cloning kdsB into pWM145. The linker not 

for CKS and SPL(phe) is prepared. In Example 10, a only provided a BamHI site for subsequent cloning but 

fusion for CKS and HIV-2 is prepared. I Example 11 also included a strong ribosome binding site, and the 

and 12, a fusion for CKS and HCV is prepared. DNA sequence coding for 17 amino acids at the amino 

Example 1 25 tcrmi,,us of CKS «). The procedure for con- 

, struction, shown in FIG. 3, was as follows: 

CKS Expression Vector la. Plasmid pRGl was digested with Hpall and de- 

A. Construction and Preparation of pWM 145 phosphorylated with bacterial alkaline phosphate 

The plasmid. P Wml45, is a derivative of the C5a ^flT* if° lat ^ n a 

expression vector, pWmlll. (Mandccki. et al., Gene 30 2Sd £?l * ' ' " 

43:131, 1986) Whereas the pWMIII vector contains a ^ • ,m 

lacP-UV5-D24 promoter, the pWM145 vector contains .u ' Oligonucleoddes (shown in FIG. 4B) were syn- 
a lacP.T9.D24 promoter. The changes ^e^oT * h £^ P™ fi <* • ^ nfi BRL T4 ^ 
plished by replacing the promoter/operator region of I T*^ P ^ EE" P P] ATP to 

pWMllI contained within a EcoRI-BamHI fragment 35 P " onradl ^tivc ATP] and BRL recommended 
with a synthetic fragment (FIG. 4A) containing the P rotoc . ol > . and f"*^' , 

modifications. The following procedure was used Ligation of Hpall gene fragment with the synthetic 

Plasmid DNA (pWMlll) was isolated from JM83 fT *Sment was carried out at 16* C overnight. Ligase 
(ara, (Iac-proAB), rpsL, o80, lacZ M15) cells using a Was hcat mactived < 15 ™ n at 65 ' C.). DNA was then 
standard alkaline extraction protocol followed by puri- 40 P^P^^ated (as above), phenol extracted (IX 1 vol 
fication on a cesium chloride gradient and precipitated ouffer equilibrated phenol, IX 1 vol chlorofonmisoa- 
with three volumes of 70% ethanol at —20* C for two my * alcohol), ethanol precipitated, and resuspended in 
hours followed by centrifugation. DNA was resus- ««dium salt buffer (50 mM Tris, pH 7.5, lOnMM, Ch, 
pended in distilled water to a concentration of 1 and 50 mM NaCl). Following simultaneous digestion 
mg/mL. 45 with HIndlll and BamHI, the DNA was purified from 

One microgram of pWMlll DNA was digested for a 50% (5&I) acrylamide gel. 
two hours concomitantly with ten units of EcoRI and 3. The pWM145 vector was digested with Hindlll 
ten units of BamHI in 20 /xL of a buffer consisting of 50 a* 10 " BamHI, dephosphorylated, and purified from a 
mM Trus, pH 7.5;10 mM Mgd 2 ; and 100 mM NaCl. 50% (50:1) acrylamide gel as above. The vector (15 ng) 
Following digestion, the three kilobase plasmid was and insert (20 ng) were ligated overnight at 16* C One- 
purified by 5% (50:1 acrylamide:BIS) polyacrylamide half of the total ligation mix was used to transform 
gel electrophoresis (PAGE). The fragment was cut out competent J 103 cells. The pTB201 construct was varied 
and extracted by shaking overnight at 37* C. in 10 vol- by DNA sequencing, 
umes of 500 mM ammonium acetate, 10 mM magnesium 

acetate, 1 mM EDTA, and 0.1% SDS. The SDA was 55 Example 2 

precipitated by chilling it for two hours at - 20* C with Expression of kdsB Gene and Purification of CKS 

2.5 volumes of 100% ethanol, followed by centrifuga- From TB201/JMI03 Cells 

tion. 

The EcoRI-BamHI promoter fragment was com- Cultivation of pTB201/JM103 cells 

posed of four oligonucleotides (oligos 1 through 4 tndi- 60 A 50 mL flask containing 10 mL LB broth with 50 
cated by brackets in FIG. 4A) which were purified by pg/mL ampicillin was inoculated with a loopful of 
20% PAGE under denaturing conditions and annealed frozen stock pTB20I/JM103 cells. The culture was 
by mixing equal molar amount of the oligonucleotides incubated at 37* C. while shaking at 225 RPM. When 
together in ligation buffer (66 mM Tris, pH 7.6; 6.6 mM the culture betame turbid, the 10 mL were used to 
MgCI 2 ; 50 jig/mL BSA; 10 mM dithiothreitol; 1 mM 65 inoculate one liter of LB/Amp in a four liter flask At an 
ATP), maintaining the mixture at 80 # C for five min- OD60o=0.3; IPTG (isopropyl-thio-/-galactoside) was 
utes, cooling the mature slowly to 25' C, the refriger- added to a final concentration of 1 mM, and the cells 
ating for one hour. A ten fold molar excess of an- were incubated overnight. A typical SDS-PAGE of the 
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a^A^TlSS SiSs £ ««>^ed for « protein fusion 

the total cellular v^STso^ST * hlch of CKS (less nine residues at the car- 

boxy terminus), a nine amino acid residue linker, and a 
B. Purification of CKS major epitope of the HIVI virus (amino acid positions 

Purification procedure was that described by Gold- 548-646 based on the precursor envelope protein, pi 60, 
man and Kohlbrenner (/ Bacterid. 163; 256-261) with numl *ruig by Ratner, et al., Nature 313:227, 1985) 
some modifications. Cells were pelleted by centrifuga- * refcr to FIG ' *)- 1x1 order to assure the proper reading 
toon, resuspended in 50 mM potassium phosphate (pH frame of portion of the gene, a linker was 

nV'tJ^Vr* 6 by two P^S^ trough a French Press io dcsi K ncd and cloned into the pTB201 plasmid. The 
(15,000 PSI). The lysate was spun at 30,000xg for 30 linker Md HIVI gene fragments were cloned as close to 
minutes. The soluble fraction was treated with prot- the d »tal end of the kdsB gene as conveniently possible 
T™^ ™ 8X1(1 ammonium sulfate » dialyzed as Oui rationale was that niaxiinizing the amount of kdsB 
described (Ray, et al., Methods EnzymoL 83:535 1982). gene would maximize the chance of success for hi eh 

mS&JS^^^ PUri . fiCati ° n a 15 ,CVCl ° f «ene. 8 

uioKaa PW HPLC-ion exchange column and 

eluted with a 50-400 mM potassium phosphate (10% A - Construction of pTB210 

acetylmtrfle) gradient The pTB210 plasmid (FIG. 7) was a derivative of the 

Example 3 pTB201 plasmid (described above). pTB201 was di- 

Generation of Goat Anti-CKS Sera * f*** 7* B * 1 *"* H 8 *™. and the 3.6 kb vector 

A n . fragment was purified from a 5% (50:1) acrylamide gel. 

A. Goat immunization and bleeding The linker, composed of two synthetic oligonucleotides 

A goat was immunized monthly in three general areas Wlth overham Js compatible with BglU and Hindlll 
inguinal (subcutaneously), auxiliary (subcutaneously) „ ^gated into the vector, and the ligation mix- 

and hind leg muscles. Initial inoculation consisted of 1 tm was ^ed to transform competent JM109 cells 
mg purified CKS in complete Freund's Adjuvant. frecAl, endA96, thi, hsdR17, supE44, relAl X- (lac- 
•r^ ?^ thC hoo ** n & inoculum consisted of 0.5 mg proAB), [F, traD36, proAB, lac IqZ M15J) DNA se- 
punfied CKS m incomplete Freund's Adjuvant Five- quencing was used to confirm the construction 
hundred milliliters of blood was collected from the goat , rt 

two and three weeks post-inoculation starting after the Construction of pTB21 1 

second boost The blood was allowed to clot overnight, The pTB21 1 plasmid was the vector construction 
and the serum was decanted and spun at 2500 RPM for used to express the hybrid kdsB-Hm %*7S£ £1 
thirty minutes to remove residual red blood cells. tope gene. The source of HIVI DNA SwTJSLS 

B. Immunoblotting 35 which cont ained the pl60 gene of HIVI (HTLVIIIB 

The presence of anti-CKS antibodies in the goat 25k ^ ^ J? * ^ [ ragmCnt ^ 

serum was confirmed by immunoblot^g (S G « t^Zjt^r™ HaeI11 " d 

Whole cell lysates of P TB201/JM103 nTbeled «b- in HmdIII * nd * 296 b P figment was isolated from a S% 

HG. 6) and JM103 (labeled "Octrois w« rl on ^m'l? j"* U * ated into PvuIL 

a 12.5% SDS-px>lvacryIamide g^TpZ^^l 40 ^ d ™ dl *** d pTB2 10 vector followed by transfer- 

electrophoretically transferred (Towbin et al. Pnl 00 mt ° ^P*"" mi09 cells. 

JVM Acad ScL USA 76:4350) to nitrocellulose. The C. Screening of Transforms 

filter was cut into strips which were pre-blocked with ~ , g ransiormants 

mununoblot buffo (5% instant dry milk, IxTBS [50 transformed cells were plated on LB/AMP 

mM Tris, pH 8.1; 150 mM Nad], 0.01% Antifoam C 45 P FoUowin 8 overnight incubation at 37* C, sev. 

Emulsion) for fifteen minutes with agitation. Strips coIonies wcrc picked from the plate and used to 

were placed into separate containers with immunoblot mocu,ate 2 mL of LB/Amp broth. Cultures were 

i v^x End various counts of serum (from 1:100 to grown t0 m OD^oo of 0.3-0.5 then IPTG was added to 

1:3000) were added. After one and one-half hours of a fmal concentration of 1 mM. Cultures were shaken at 

agitation, the bufTer was poured ofiT, and the strips were 3r C. for an additional three hours. The absorbance of 

washed three tones for five minutes with 1 xTBS. The the cultures at 600 nm was measured; cells from one 

second andbody horseradish peroxidase-labeled rabbit milliliter of each culture were precipitated by centrifu- 

3^^^^^ t0 StdpS at a 1:1500 ™ d thcn suspended to an ODtoejKto rf 

IXTBS). A 1:3000 difi of She n Jas oSma? 60 T 8 tO ,^l pt0pt f. mo,ecular wei 8 ht of the 
giving strong positive bands and £jKEd£2 r™ couW *«« «» gels stained with 

t~ 8 igioic oacKgrouna. Coommassie brilliant blue. Fusion protein could also be 

EXAMPLE 4 detected by immunoblots using the goat anti-CKS 

Fusion protein-CKS/HIVI p41 Haelll-HindlH SC ™" (n ! etho<t described in Example 3B.) and HIVI 

^ * "° nca mto CKS expression induction was 5-10% of the total cellular protein. 
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EXAMPLE 5 Western and Immunoblots 

Fusion Protein— CKS/synthetic HIVI envelope A sample (10 jiL) of pTB310A/JMI09 WCL was 

peptides loaded on a 0.7 mm thick 12.5% SDS-polyacrylaraide 

In this example, hybrids of the kdsB and portions of a 5 8 eI » ^ with prestained protein molecular weight 

synthetic p41 genes expressed and produced fusion standards, WCL from JM109 without plasmid, and 

proteins to a level of up to 20% of the total cellular WCL from JM109 containing pTB210 (unfused CKS). 

protein. Additionally, this example demonstrates the Gel was run at ISO volts and terminated when bromo- 

use of an Asp-Pro dipeptide in the linker region as a phenol blue sample loading dye has reached the bottom 
chemical cleavage site for cleaving the CKS portion of 10 °f* toe gel. Proteins were then electrophoretically trans- 

the protein from the HIVI portion. Further examples ferred to nitrocellulose. Immunoblotting was carried 

are included which demonstrate that multiple fusions out as described in Example 3B. An example of 

(CKS peptide plus p41 and a portion of pi 20) were pTB310A/JM109 WCL on a stained gel and immuno- 

attainable. These are useful peptides for diagnostics. J5 blot is shown in FIG. 10. 

A. Synthesis and cloning of the HIVI synp41d gene Chemical cleavage of fusion protein 

The synp41d gene codes for a deletion mutant of the An aliquot (30 jlL) of the urea soluble fraction was 
HIVI p41 protein which contains a 38aa hydrophobic diluted with ten volumes of water, and the insoluble 
region deletion (from Ala674 to VaI7ll based on pi 60 „ fusion protein was pelleted by centrifugation. The pro- 
numbering, refer to FIG. 8 plasmid, pTB310B). The tein was then dissolved in 30 fiL of 6M guanidine hy- 
gene was synthesized using the method of oUgonucleo- drochloride, and 70 jj.L 98% formic acid added (Digcs- 
tide directed double-stranded break repair as disclosed tion 1). In a parallel experiment, 70 fiL 98% formic acid 
in U.S. patent application Ser. No. 883,242 filed Jul. 8, was added to an aliquot (30 /tL) of the urea fraction 
1986, in U.S. patent application Ser. No. 131,973 filed ^ directly (Digestion 2). Following two days incubation 
Dec. 11, 1987, and m U.S. patent application Ser. No. at 42* C, ten volumes of water were added, and the 
132^089 filed Dec 11, 1987, all of which are incorpo- insoluble proteins were pelleted by centrifugation. The 
rated herein by reference. The specific sequence is indi- pellet was resuspended in IX treatment buffer (100 tiL), 
cated by single-hne overscore on FIG. 9. The synthetic and 10 uX- was used per well on 12.5% SDS-polya. 
gene contained ftankmg BamHI and Kpnl sites to facili- ^ crylamide gel. FIG. 10 shows a sample of the cleaved 
fcte clomng into pTB210. The vector was digested with products (Digestion 1 and Digestion 2) both on a Coom- 
Bglll and Kpnl, and the BamHI-Kpnl synthetic gene ge l and an immunoblot (using HIVI positive 
fragment was h^tedinto the vector. Followmg trans. human ^ ^ primary mtSb ^ y y ^ ^maior 

^ l^r^r ^ ^ WCrC *~ ™ ble « theCoominJic gel. These repre- 

duced, and screened for expression. 3 5 sent the products of cleavage at the unique Asp^Pro 

B. Characterization of fusion protein encoded by bond: the CKS portion, MW=26.5 kDa and the p41 

pTB3 1 OA portion, MW = 23.5 kDa. Peptide sequencing confirmed 

Upon the initial screening, a clone was discovered ^ T.if?!" J"" 1 . T ^ ^ 

containing a plasmid (pTB310A) which had a A/T base m ^ v\ w amm ° 'TT*^ reSi ? ue was 
deletion at nucleotide position 813 (based onF109 wh i ch , resul,s from ex P ected deava S e """^ 

numbering). Although this mutation (which occurred in 

cloning the synthetic p41d gene) resulted in a truncation C Characterization of the pTB310B/JM109 clone 

in the p41d portion of the fusion protein, the protein -n i ' , • • At . * , 

produced was characterized for its diagnostic potential. « JSV*?" TSf """"J"* „ for «•« fM- 

°^ *^ 43 p41d fusion, pTB310B, was cultured and assayed for 

Production and Purification expression. The fusion protein represents 10-20% of the 

Ten mL of LB/ Amp in a 100 mL flask was inoculated t0tal P "° tdn (de P cndcnt on & owth Md ^duc- 

with 100 jxL of an overnight pTB3lOA/JM109 culture. 11011 cond,tlons) - 

After shaking at 37* C. for one and one-half hours, 50 D. Addition of the pl20 carboxy tenmnal region 
IPTG was added to the culture to a concentration of 1 A # . ~ XTA f . . . J ^ t 

mM, and the cells were grown for four more hours. An * synth f U * £ NA f™*™^ which encoded the car- 

aliquot (1 mL) of the culture was pelleted and lysed in £* y !f nmnid 4 l!? mo ™ d l° f ™ 1 ?™?^ h 

an appropriate volume of 1 X treatment buffer to give a ™f?**! mt0 thc . NarI 5,16 of P™ 10 * ™ d 

final concentration of cells of 10 OD600 absorbance 55 p ™"£? "'J* «^ d °M P TB319/JMIW 

units. This sample, referred to as WCL (whole cell ™ P™ 321 /™! 09 ' respectively, expressed the triple 

lysate), was used to measure the amount of fusion pro- fa f Km protem at ,evek of up t0 ™ % ioVd P r °- 

tein relative to total cellular proteins. The remaining 9 tcm * 

mL of cell culture ws centrifuged (five minutes, 5000 EXAMPLE 6 

rpm) and the cells were resuspended in 10 mM Tris (400 60 ^ . 

/iL), pH 8.0, 1 mM EDTA with 2 mg/mL lysozyme. Fu£,on Protem-CKS/HSVII gG2 

After fifteen minutes on ice, 10 jiL of 20% Triton X-100 A 1.1 kb fragment containing the Herpes Simplex 

was added, and the cells were sonicated (6x30 sec). Virus II (HSVII) gG2 gene (encoding a major envelope 

The lysate was spun in an Eppendorf centrifuge for five glycoprotein) * was isolated following digestion with 

minutes. The supernatant was collected, and the pellet 65 AatH and Xbal. A synthetic linker was ligated to the 

was resuspended in 8M urea (400 /iL). The fusion pro- Xbal end to generate an AatH end. Both ends were then 

tein present in the resuspended pellet fraction is about made blunt by treating the 3' overhangs with T4 poly- 

15% pure based on Coommassie stained gels. . merase. 
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The vector in this example was pTB260 (FIG. 11). It Bgl II-HindIII-ended synthetic fragment encoding the 
!"?- C< J nSt ™ C - ed - b * "synthetic fragment with active region (refer to patent) into BglH-HindlH di- 

S d 0 P l'^ 0n W P'™, 201 - 8ested P TB201. Assays of whole cell lysates indicated 

^2oT^n^, ?men ^ "T^fA" • S " e - fr T *" expression levels of up to 40% of the total cellular 
K (ZnTnTu^L^ *■ ~ m ** 5 " rotein — *— CFIG. 13). 

To facilitate cloning the blunt-ended DNA fragment EXAMPLE 9 

containing the gG2 gene and to put the gene in the Fn .: nn nrrtt . r vc/cp T/n ^ 

proper reading frame of kdsB, the Bglll digested FuS10n P^ein-CKS/SPLCphe) 

pTB260 was made blunt-ended by filling in the over- \q a human lung surfactant gene, SPL(phe) (disclosed 
hangs using Klenow and dNTP's. Following ligation of «> U.S. patent application Ser. No. 101,680 described 
the gG2 DNA with pTB260 t the DNA was used to above), contained within a 1635bp EcoRI-Hindm frag- 
transform competent TB-1 cells. Whole cell lysate from ment was cloned into pTB210. The gene was originally 
transformants run on gels and immunoblotted with rab- isolated from a clone, Phe 7-1, as a 1945 bp EcoRI 
bit serum against HSVII proteins gave a visible band of 13 fragment, blunt-end filled using Klenow and dNTFs, 
the proper molecular weight then digested with Hindlll. This fragment was ligated 

EXAMPLE 7 mt0 ^W-HindHI digested pTB210 and transformed 

c * . „ . mt0 competent XL-1 Blue cells. The CKS/SPL(phe) 

husion protein-CKS/Knngle region of tPA fusion protein level was 9% of the total cellular protein. 

A gene coding for the "kringle" (Patthy, L., Cell, 20 Th e fusion protein was 50 pure in the pellet following 
41:657 (1985)) region of tissue-plasminogen-activator lyss of the cells (procedure described in Example 5B). 
was synthesized and cloned as a 335bp Hindlll-Kpnl Oc\ purified CKS/SPL(Phe) was used to immune* 
fragment into pTB270 (Zablen, L.B., unpublished). The rabbits to generate antibodies against the SPL(Phe) 
pTB270 vector (FIG. 12) was a derivation of pTB210 portion of the protein, 
which was constructed by ligatina synthetic multi-clon- 25 _ v 
ing site linker into Bglll-Kpnl digested pTB210. The EXAMPLE 10 

pTB270 plasmid was then digested with Hindlll-Kpnl Fusion protein-CKS/synthetic HIV-2 TMP Fragment 
and ligated with the Kringle-region gene fragment. t„ t Wc .ro««u _ lk , nKTAf 
Transformation was carried in competent XL-1 Blue . In to a g**?* DNA fragment contain- 

ceUs (Stratagene, La Jolla, Calif., USA). Clones con- 30 mg a FX™ 0 * ° f *f HIV " 2 (human unmunodcficicnc y 
taining the proper insert were confirmed by DNA se- v / rU l" ) 0 transmeinbrane protem (™ p ) was cloncd into 
quencing of the plasmids. The level of the fusion protein , CKS ^P/^ 100 vector - resulting gene coded 
reached 30%^W% of the total cellular proteins. for a P rotem fusK)n consisting of CKS (less nine residues 

The CKS/Kringie protein was extracted from a cul- a . 1 the carbox y terminus), a ten amino acid residue 
ture by lysing the cells as in Example 5B, precipitating 35 Hnker ' ^ ma -i° r ^ope of the HIV-2 virus (enve- 
the cellular debris, and collecting the supernatant which lope amino acid positions 502-609, numbering by 
contained the soluble fusion protein. Further purifica- Guyader, et aL, Nature 326: 662, 1987) followed by 
tion was accomplished by "salting out" the protein. another ten amino acid residue linker. This fusion pro- 
Briefly, ammonium sulfate was added to 10% (w/v), tem was expressed to a level of up to 15% of the total 
and the insoluble proteins were pelleted by centrifuga- 40 ccI,u,ar protein and proved useful in the detection of 
tion. The pellet of this fraction, after assaying to demon- sera containing HIV-2 antibodies. 

strate the absence of fusion protein, was discarded. A e . .u • , , . - ^ , ^ „ 

Ammonium sulfate was added to ^supernatant toa A * SynthcS1S aDd clonmg of mV ' 2 ™ P 
final concentration of 30%, and the insoluble proteins The HIV-2 TP fragment codes for the amino terminal 
were pelleted. This pellet contained 70% of the starting 45 1° 8 amino acids of the HIV-2 TMP (from Tyr 502 to 
fusion protein amount and was 75% pure. Trp 609) identified in FIG. 14. The gene fragment was 

FY A MP I P g synthesized using the method of oligonucleotide di- 

rected double-stranded break repair as disclosed in U.S. 
Fusion protem-CKS/SPL(PVaI) patent application Ser. No. 883,242 filed Jul 8, 1986, 

A. A human lung surfactant gene, SPL(pVal) (U.S. 50 wnicn * incorporated herein by reference. The five 
patent application Ser. No. 101,680, filed October 1987, DNA fragments comprising the TMP gene fragment 
contained within an 820bp EcoRI fragment was cloned wcre J, 'gated together and cloned at the Hindlll-Sall 
into pTB210. The overhanging EcoRI ends were filled * tes . of P^C19 (FIG. 15). A clone, designated pJC22, 
using Klenow and dNTP*s. The blunt-ended fragment was identified by restriction mapping and its primary 
was then ligated into PvuII digested pTB2I0. Follow- 55 nucleotide sequence confirmed. The clone pJC22 was 
ing transformation into competent XL-1 Blue cells digested with HindIII-Asp718 to release a 361bp frag- 
(Stratagene, La Jolla, Calif., USA), DNA was isolated ment containing the synthetic HIV-2 TMP gene frag- 
from a number of transformants and mapped with re- ment which was ligated into the HindIII-Asp718 sites of 
striction endonucleases to identify clones with the insert plasmid pTB2I0 and transformed into XL1 cells. A 
in proper orientation. Expression level of the fusion 60 clone, designated pJClOO, was isolated and restriction 
protein based on whole cell lysates was 3%. The protein mapped to identify the hybrid gene of kdsB and HIV-2 
could be purified to about 50% purity by cell lysis and TMP. 

pelleting as described in Example 5B. The fusion pro- 
tein was used to generate antibodies against the SPL B * Characterization of fusion protein encoded by 
peptide by immunizing rabbits with gel purified prod- 65 pJClOO 

UC R a u^a • • u v Fifty-mL of LB/Amp in a 250 mL flask was inocu- 

B. A hybrid gene containing kdsB with the 139 nt lated with 500 1 of an overnight culture of either 
active region of pVal was constructed by cloning a pTB210/XLl or pJClOO/XLl and allowed to shake at 
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37* C. until the OD«x) reached 0.5 absorbance units 
(1 .5-2.0 hours) at which time IPTG was added to a final 
concentration of 1 mM. An aliquot (1.5 mL) of the 
culture was removed every hour for four hours and 
then a final aliquot taken at 18 hours post induction. 
These aliquots were pelleted and lysed in an appropriate 
volume of IX treatment buffer to give a final concentra- 
tion of cells of 10 ODoo absorbance units. Aliquots of 
each timepoint (15 /iL) were electrophoresed on 12.5% 
SDS/PAGE gels and transferred electrophoretically to 
nitrocellulose Immunoblotting was carried out as de- 
scribed in Example 3B using HIV-2 positive human sera 
or goat antibody directed against CKS. The "HIV-2 
positive human sera demonstrated no signal to the 
pTB210/XLl culture and a strong signal to the 
pJOOO/XLl culture at the expected molecular weight. 
The goat antibody against CKS reacted strongly with 
both cultures at the expected molecular weights. A 
similar SDS/PAGE gel was run and Coomassie blue 
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staining demonstrated that expression of the fusion pro- *a SDS/PAGE gels. 

k_j * a i_ • - .. . . 20 r^.- .. r.~ 



expression of the CKS fusion proteins was under the 
control of the lac promoter and was induced by the 
addition of IPTG. These plasmids replicated as inde- 
pendent elements, were nonmobilizable and were main- 
tained at approximately 10-30 copies per cell. 

C. Characterization of Recombinant HCV-Core 

In order to establish that clone pHCV-34 expressed 
the unique HCV-CKS Core protein, the pHCV-34/XL- 
1 culture was grown overnight at 37* C in growth 
media consisting of yeast extract, trytone, phosphate 
salts, glucose and ampicillin. When the culture reached 
an OD600 of 1.0, IPTG was added to a final concentra- 
tion of 1 mM to induce expression. Samples (1.5 mL) 
were removed at 1 hour intervals, and cells were pel- 
leted and resuspended to an OD600 of 1.0 in 2X 
SDS/PAGE loading buffer. Aliquots (15 pL) of the 
prepared samples were separated on duplicate 12.5% 



tein peaked at 3-4 hours post induction at a level of 15% 
of total protein. FIG. 16 demonstrates the expression of 
the CKS/HIV-2 TMP fusion protein in a ten liter fer- 
menter as seen by Coomassie blue staining of a 12.5% 
SDS/PAGE gel of various time points before and after 
induction. A partial purification of the fusion protein 
was obtained by the method described in Example 5B 
with similar results. 
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EXAMPLE 11 

CKS-Core 

A. Construction of Plasmid pJO200 

The cloning vector pJO200 allows the fusion of re- 
combinant proteins to the CKS protein. The plasmid 
consists of the plasmid pBR322 with a modified lac 35 
promoter fused to a kdsB gene fragment (encoding the 
first 239 of the entire 248 amino acids of the R coli 
CMP-KDO synthetase of CKS protein), and a synthetic 
linker fused to the end of the kdsB gene fragment. The 



One gel was fixed in a solution of 50% methanol and 
10% acetic acid for 20 minutes at room temperature, 
and then stained with 0.25% Coomassie blue dye in a 
solution of 50% methanol and 10% acetic acid for 30 
minutes. Destaining was carried out using a solution of 
10% methanol and 7% acetic acid for 3-4 hours, or 
until a clear background was obtained. 

FIG. 20 presents the expression of pHCV-34 proteins 
in R coli. Molecular weight standards were run in Lane 
M. Lane 1 contains the plasmid pJO200-the CKS vector 
without the HCV sequence. The arrows on the left 
indicate the mobilities of the molecular weight markers 
from top to bottom: 110,000; 84,000; 47,000; 33,000; 
24,000 and 16,000 daltons. The arrows on the right 
indicate the mobilities of the recombinant HCV prote- 
ins. Lane 2 contains the R coli lysate containing pHCV- 
34 expressing CKS-Core (amino acids 1 to 150) prior to 
induction; and Lane 3 after 3 hours of induction. The 
results show that the recombinant protein pHCV-34 has 



cloning vector pJO200 is a modification of vector 40 ™ !?P^f n ! fo^Uity corresponding to a molecular size 



pTB210. The synthetic linker includes: multiple restric- 
tion sites for insertion of genes; translational stop sig- 
nals, and the trpA rho-independent transcriptional ter- 
minator. The CKS method of protein synthesis as well 
as CKS vectors including pTB210 are disclosed in U.S. 45 
patent application Ser. Nos. 167,067 and 276,263, filed 
Mar. 11, 1988 and Nov. 23, 1988, respectively, which 
enjoy common ownership and incorporated herein by 
reference. 

50 



B. Preparation of HCV CKS-Core Expression Vector 

Six individual nucleotides representing amino acids 
1-150 of the HCV genome were ligated together and 
cloned as a 466 base pair EcoRI-BamHl fragment into 
the CKS fusion vector pJO200 as presented in FIG. 17. 55 
The complete DNA sequence of this plasmid, desig- 
nated pHCV-34, and the entire amino acid sequence of 
the pHCV-34 recombinant antigen produced is pres- 
ented in FIG. 18. The resultant fusion protein HCV 

CKS-Core, consists of 239 amino acids of CKS, seven 60 with any component of pHCV-34. 
amino acids contributed by linker DNA sequences, and 
the first 150 amino acids of HCV as illustrated in FIG. 
19. 

The pHCV-34 plasmid and the CKS plasmid pTB210 
were transformed into R coli K-12 strain xL-1 (recAl, 65 
endAl, gyrA96, thi-J, hsdR17, supE44, relAl, lac/F, 
proAB, IaclqZDM15, TN10) cells made competent by 



of 48,000 daltons. This compares acceptably with the 
predicted molecular mass of 43,750 daltons. 

Proteins from the second 12.5% SDS/PAGE gel 
were electrophoretically transferred to nitrocellulose 
for immunoblotting. The nitrocellulose sheet containing 
the transferred proteins was incubated with Blocking 
Solution for one hour and incubated overnight at 4* C 
with HCV patients' sera diluted in TBS containing R 
coli K-12 strain XL-1 lysate. The nitrocellulose sheet 
was washed three times in TBS, then incubated with 
HRPO-labeled goat anti-human IgG, diluted in TBS 
containing 10% fetal calf sera. The nitrocellulose was 
washed three times with TBS and the color was devel- 
oped in TBS containing 2 mg/mL 4-chloro-l-napthoI, 
0.02% hydrogen peroxide and 17% methanol. Clone 
HCV-34 demonstrated a strong immunoreactive band 
at 48,000 daltons with the HCV patients* sera. Thus, the 
major protein in the Coomassie stained protein gel was 
immunoreactive. Normal human serum did not react 



EXAMPLE 12 

HCV CKS-33C-BCD 

A. Preparation of HCV CKS-33c-BCD Expression 

Vector 



The construction of this recombinant clone express- 
the calcium chloride method. In these constructions the ing the HCV CKS-33-BCD antigen was carried out in 
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three steps described below. First, a clone expressing 1. pHCV-23, pHCV SDS/PAGE gels were run for R 

the HCV CKS-BCD antigen was constructed, desig- coli lysates containing the plasmids pHCV-29 (FIG. 26), 

nated pHCV-23. Second, a clone expressing the HCV pHCV-23 (FIG. 27), and pHCV-31 (FIG. 28) express- 

CKS-33 antigen was constructed, designated pHCV-29. ing the recombinant fusion proteins CKS-33c, CKS- 

Lastly, the HCV BCD region was excised from pHCV- 5 BCD and CKS-33-BCD, respectively. For all three 

23 and inserted into pHCV-29 to construct a clone figures, molecular weight standards were run in Lane 

expressing the HCV CKS-33-BCD antigen, designated M ( with the arrows on the left indicating the mobilities 

pHCV-31. of the molecular weight markers from top to bottom: 

To construct the plasmid pHCV-23, thirteen individ- 110,000; 84,000; 47,000; 33,000; 24,000 and 16,000 
ual oligonucleotides representing amino acids 10 daltons. In FIG. 26, Lane 1 contained the R coli lysate 

1676-1931 of the HCV genome were ligated together containing pHCV-29 expressing HCV CKS-33c (amino 

and cloned as three separate EcoRl-BamHl subfrag- acids 1192-1457) prior to induction and Lane 2 after 4 

ments into the CKS fusion vector pJ0200. After subse- hours induction. These results show that the recombi- 

quent DNA sequence confirmation, the three subfrag- nam pHCV-29 fusion protein has an apparent mobility 

ments, designated B, C and D respectively, were di- 15 corresponding to a molecular size of 60,000 daltons. 

gested with the appropriate restriction enzymes, gel This compares acceptably to the predicted molecular 

purified, ligated together, and cloned as a 781 base pair mass of 54,911. 

EcoRl-BamHl fragment in the CKS fusion vector In FIG. 27, Lane 1 contained the K coli lysate con- 

pJ0200, as illustrated in FIG. 21. The resulting plasmid, taming pJ0200, the CKS vector without the HCV se- 

designated pHCV-23, expresses the HCV CKS-BCD 20 quence. Lane 2, contained pHCV-20 expressing the 

antigen under control of the lac promoter. The HCV HCV CKS-B (amino acids 1676-1790). Lane 3 con- 

CKS-BCD antigen consists of 239 amino acids of CKS, tained the fusion protein pHCV-23 (amino acids 

seven amino acids contributed by linker DNA sequen- 1676-1931). These results show that the recombinant 

ces, 256 amino acids from the HCV NS4 region (amino pHCV-23 fusion protein has an apparent mobility corre- 

acids 1676-19310), and 10 additional amino acids con- 25 sponding to a molecular size of 55,000 daltons. This 

tributed by linker DNA sequences. compares acceptably to the predicted molecular mass of 

To construct the plasmid pHCV-29 twelve individual 55,070 daltons. 

oligonucleotides representing amino acids 1192-1457 of In FIG. 28, Lane 1 contained the £ coli lysate con- 

the HCV genome were ligated together and cloned as taining pJ0200, the CKS vector without the HCV se- 

two separate EcoRl-BamHl subfragments into the CKS 30 quences. Lane 2 contained pHCV-31 expressing the 

fusion vector pJ0200. After subsequent DNA sequence CKS-33c-BCD fusion protein (amino acids 1192-1447 

confirmation, the two subfragments were digested with and 1676-1931) prior to induction and Lane 3 after 2 

the appropriate restriction enzymes, gel purified, ligated hours induction. These results show that the recombi- 

together and cloned again as an 816 base pair EcoRl- nant pHCV-31 (CKS-33c-BCD) fusion protein has an 

BamHl fragment in the CKS fusion vector pJ0200, as 35 apparent mobility corresponding to a molecular size of 

illustrated in FIG. 22. The resulting plasmid, designated 90,000 daltons. This compares acceptably to the pre- 

pHCV-29, expresses the CKS-33 antigen under control dieted molecular mass of 82,995 daltons, 

of the lac promoter. The HCV CKS-33 antigen consists An immunoblot was also run on one of the 

of 239 amino acids of CKS, eight amino acids contrib- SDS/PAGE gels derived from the pHCV-31/Xl-l 

uted by linker DNA sequences, and 266 amino acids 40 culture. Human serum from an HCV exposed individual 

from the HCV NS3 region (amino acids 1192-1457). reacted strongly with the major pHCV-31 band at 

To construct the plasmid pHCV-3 1, the 78 1 base pair 90,000 daltons. Normal human serum did not react with 

EcoRl-BamHl fragment from pHCV-23 representing any component of the pHCV-31 (CKS-33-BCD) prepa- 

the HCV-BCD region was linker-adapted to produce a rations. 

Oal-BamHl fragment which was the gel purified and 45 It will be apparent that many modifications and varia- 

ligated into pHCV-29 at the Clal-BamHl sites as illus- tions of the present invention as herein set forth are 

trated in FIG. 23. The resulting plasmid, designated possible without departing from the spirit and scope 

pHCV-31, expresses the pHCV-31 antigen under con- hereof, and that, accordingly, such limitations are im- 

trol of the lac promoter. The complete DNA sequence posed only as indicated by the appended claims, 

of pHCV-31 and the entire amino acid sequence of the 50 What is claimed is: 

HCV CKS-33-BCD recombinant antigen produced is LA method for expressing HCV protein in a prokar- 

presented in FIG. 24. The HCV CKS-33-BCD antigen yotic cell, said method comprising the steps of: 

consists of 239 amino acids of CKS, eight amino acids (a) providing a DNA vector having: 

contributed by linker DNA sequences, 266 amino acids 1) a control region, said control region comprising 

of the HCV NS3 region (amino acids 1192-1457), 2 55 a prokaryotic promoter and a prokaryotic bind- 

amino acids contributed by linker DNA sequences, 256 ing site, wherein said control region directs ex- 

amino acids of the HCV NS4 region (amino acids pression of a DNA sequence comprising two 

1676-1931), and 10 additional amino acids contributed elements operatively linked in a 5' to 3' direction, 

by linker DNA sequences. FIG. 25 presents a schematic a first element encoding CKS protein; and 

representation of the pHCV-31 antigen. 60 2) a second element encoding said HCV protein. 

The pHCV-31 plasmid was transformed into £ coli wherein said two elements are contiguous and in 

K-12 strain XL-1 in a manner similar to the pHCV-34 the same reading frame; 

and CKS-pTB210 plasmids of Example 1. (b) transforming said prokaryotic cell with said DNA 

B. Characterization of Recombinant HCV cc vector; afid . e 

CKS-33-BCD * ' expressing a fusion protein of CKS protein and 

said HCV protein. 

Characterization of pHCV CKS-33- BCD was carried 2. The method of claim 1 wherein said DNA vector 
out in a manner similar to pHCV CKS-Core of Example includes an additional region located between said CKS 
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region and said region encoding said HCV protein to be 
expressed, wherein said additional region encodes a set 
of 1 to about 3 amino acids for site-specific chemical or 
enzymatic cleavage of said fusion protein. 

3. The method of claim 1 wherein said prokaryotic 5 
promoter is a lacP-T9-D23 promoter comprising the 
sequence: 

ATTAATGTGAGTTAGCTCACTCATTAGG- 
CACCCCAOGCT TTACA CTTTATO> 
TTCXXXjCTCGTATTTTGTGTGG. 10 

4. The method of claim 1 wherein said HCV protein 
is capable reacting with appropriate antiserum. 

5. The method of claim 4 wherein said HCV protein 
is encoded by the viral genome of HCV which is capa- 
ble of reacting with appropriate antiserum. 15 

6. The method of claim 1 wherein said DNA vector 
is provided by: 

a) providing plasmid DNA having a lacP-T9-D23 
promoter; 

b) inserting a gene encoding CKS protein under the 20 
transcriptionaMevel control of said lacP-T9D-23 
promoter; and 

c) inserting a DNA region encoding for said HCV 
protein to be expressed at about the 3' end of said 
CKS gene wherein the final fusion product com- 25 
prises said HCV protein to be expressed and CKS 
protein. 

7. A cloning vector for transforming cells to express 
heterologous HCV protein, said cloning vector com- 
prising a plasmid having a prokaryotic control region 30 
comprising a prokaryotic promoter and a prokaryotic 
ribosoroe binding site, wherein said control region di- 
rects expression of a DNA sequence comprising two 
elements operatively linked in a 5' to 3' direction, a first 
element and a second element encoding CKS protein 35 



and said HCV protein to be expressed, wherein said two 
elements are contiguous and in the same reading frame. 

8. The cloning vector of claim 7 wherein said pro- 
moter is a sequence substantially homologous to lacP- 
T9-D23 promoter comprising: 

ATTAATGTGAGTTAGCTCACTCATTAGG- 
CACCCAGGCTT TACAC TTTATG- 
TTCCGGCTCGTATTTTGTGTGG. 

9. A gene sequence for insertion into a plasmid vec- 
tor, said gene sequence comprising in a 5' to 3' direction: 

a) a prokaryotic promoter; 

b) a prokaryotic ribosome binding site; 

c) a first gene fragment encoding CKS protein; and 

d) a second gene fragment encoding HCV protein to 
be expressed, wherein said first and second gene 
fragments are contiguous and in the same reading 
frame. 

10. The gene sequence of claim 9 wherein said pro- 
moter is a synthetic promoter. 

11. The gene sequence of claim 10 wherein said pro- 
moter is a lacP-T9-D23 promoter comprising the se- 
quence: 

ATTAATGTGAGTTAGCTCACTCATTAGG- 
CACCCCAGGCTT TACA CTTTATG- 
TTCCGGCTCGT A 1 ' 1 ' 1 ' 1 GTGTGG. 

12. The gene sequence of claim 9 wherein said ribo- 
some binding site is TAAGGAGGT. 

13. The gene sequence of claim 9 wherein said first 
and second gene fragment are joined by a linker gene 
sequence which encodes for a protein sequence which is 
cleavable by a site specific chemical or enzymatic agent. 

14. The_gene sequence of claim 9 wherein said second 
gene fragment encodes HCV protein which is capable 
of reacting with appropriate antiserum. 
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